Background and Purpose: The restructuring of human resources in an organization is addressed in this paper, because human resource planning is a crucial process in every organization. Here, a strict hierarchical structure of the organization is of concern here, for which a change in a particular class of the structure influences classes that follow it. Furthermore, a quick adaptation of the structure to the desired state is required, where oscillations in transitions between classes are not desired, because they slow down the process of adaptation. Therefore, optimization of such a structure is highly complex, and heuristic methods are needed to approach such problems to address them properly. Design/Methodology/Approach: The hierarchical human resources structure is modeled according to the principles of System Dynamics. Optimization of the structure is performed with an algorithm that combines stochastic local search and genetic algorithms. Results: The developed algorithm was tested on three scenarios; each scenario exhibits a different dynamic in achieving the desired state of the human resource structure. The results show that the developed algorithm has successfully optimized the model parameters to achieve the desired structure of human resources quickly. Conclusion: We have presented the mathematical model and optimization algorithm to tackle the restructuring of human resources for strict hierarchical organizations. With the developed algorithm, we have successfully achieved the desired organizational structure in all three cases, without the undesired oscillations in the transitions between classes and in the shortest possible time.
Introduction
Human resource planning is one of the main activities in every organization that has a long-term mission plan. In our previous research Škraba et al., 2015a; Škraba et al., 2015b; Škraba et al., 2015c; Kofjač et al., 2015) , we have examined human resources planning in strict hierarchical organizational structures, such as the army, or other organizations, in which promotions to higher classes are possible only by one step at a time. The problem of the hierarchical manpower control is challenging due to the variability of the constraints on the recruitment, transitions, wastage, and retirements. Furthermore, the dynamics of the system should be considered, usually in a longer period, i.e. ten years or more. In order to provide proper strategies to restructure human resources, several techniques have been applied. For the prevention of oscillations, the finite automaton was developed (Škraba et al., 2011) combined with genetic algorithms and pattern search. In optimization methods, the self-configuring algorithms were developed (Škraba et al., 2015b) providing promising results. In addition to the problem of the oscillations, the variable parameter boundaries were considered (Škraba et al. 2015c) .
Human resource planning affects the entire organization. In the research of Majd et al. (2015) , the combination of human resource planning and production-inventory control is considered. The problem was addressed by the modelling and simulation methods providing promising results in comparison to other approaches. The importance of a hybrid simulation model tackling management problems was indicated in Kljajić et al. (2000) . In this work, System Dynamics Methodology has be used (Škraba et al., 2003; Škraba et al., 2007; Borštnar et al., 2011; Rozman et al., 2013) . A resource assignment language was developed in the research of Cabanillas et al., (2015) , which provided the automatic answers to tackle the problem of the management of resources in business process at the design phase. In the study of Lin et al. (2015) , the mixed integer programming model was used to solve the problem of workforce scheduling for retail stores, taking into account employee's preferences and the equality of scheduling. Here the goal was to achieve an optimal balance among employee's satisfaction, customer service level, and labor costs. Unsurprisingly, the human resource planning requires advanced quantitative methods to provide proper results. Gupta and Ghosal (2014) applied stochastic modelling for determination of the appropriate time of promotion considering the survival rates in different classes. They have considered varying size classes and indicated, that the main goal of an employee in an organization is to get a promotion to the next grade. Nevertheless, the main obstacles to the organizational restructuring regarding human resources management are in organizational barriers (Babaei et al., 2015) . Technological factors should, therefore, be considered to be less important than the organizational obstacles.
Our goal is to provide the proper mathematical model of the strict hierarchical human resources model and an appropriate optimization algorithm, that would provide the transition strategies for particular classes, which would enable us to restructure the organization in the shortest possible time without undesired oscillations in the strategy.
Methodology
The structure of the organizational human resources system could be best described by the application of the Causal Loop Diagram (CLD). Figure 0 shows the structure of the system, in which n classes are considered. Starting with Class 1 at the left, recruitment is increasing the number of employees in Class 1. If the number of members of Class 1 increases, the Promotions from Class 1 to Class 2 increases above the number that it would have otherwise been. In contract the other hand, if the Number of Promotions from Class 1 to Class 2 increases, the number in Class 1 is lower than it would have otherwise been. This forms the stabilizing, negative feedback loop, which is cascading throughout our structure. The amount of waste decreases the number of people in each particular class. The promotion factor determines the rate of promotions from lower classes to the higher classes. More promotions from Class 1 to Class 2 increase the number of people in Class 2, etc. At the end of the structure, retirement is considered to be the exit from the system. The structure consists of the cascaded structure of decay determining the dynamics of the system.
The system was modelled using the System Dynamics methodology (Sterman, 2000) . In a compact form, the dynamics are described in the state space: vector of inputs, C output matrix and D translation matrix providing the input values to the desired output. Therefore, the system has been described as the set of the differential equations in the state space. A more detailed description could be found in the reference Škraba et al., 2015a. The developed model provides us with the dynamic response. In order to obtain the appropriate strategies, that would enable achieving proper numbers of people in a particular class, the optimization algorithm was developed, which is applied to the model. In order to achieve the desired number of people in a particular rank, the goal is to determine how to define recruitment, transitions between ranks and fluctuations to reach a new, i.e. the desired, organizational structure.
The pseudocode of the optimization algorithm for finding transition values for one iteration is provided in the next section. The code should be launched several times until two last iterations are equal (i.e. the system is in equilibrium). The parameter r represents promotions, f factor of wastage, min and max represent parameter boundaries. This algorithm allows finding the solution for the class problem using an iterative approach. The random choice of one of three different actions in each of the possible situations is because these actions influence not only the previous and next class nodes, but also all the nodes after the next. Because of the complexity of such dependencies, and the fact that a case with integer values is under consideration, the random choice of the next step was used.
Although this algorithm is capable of finding a solution, this solution depends on the initial values of the transitions, fluctuations, and recruitment. Because the numbers of transitions, fluctuations, and recruitment are quite large even for several classes, we used the genetic algorithm as an optimizing technique for this problem. The optimized values were the initial positions of the transition and fluctuation coefficients. Therefore, the proposed algorithm for finding the optimal strategy given the initial values can be considered to be the local search method. The fitness values for GA were calculated as the average number of steps required to achieve the goal position plus the penalty values.
The goal position was achieved only if all the class values were equal to the desired ones, and transition and fluctuation values are the same for two last time steps, as well as the number of people (this means that the system is stable/in the equilibrium point).
For every goal function calculation in GA, 100 runs of the proposed strategy search algorithm were used, and then used the minimal number of steps required to achieve the basic fitness value. Every time, we received a better solution, we saved it separately.
Together with the number of time steps, two more criteria were included into the goal function: the average recruitment level needed to achieve the goal and stabilize the system (normalized to the maximum recruitment number) with a weight of 0.001 as well as the penalty value, depending on the oscillations. The penalty values were calculated using a derivative-based approach (Škraba et al., 2015b) . The initialization of the population of GA was performed randomly; the size of the population was 100, and the number of generations was 1000.
Results
A large organization restructuring problem with a strict hierarchical structure has been under consideration (Škraba et al., 2011) . The developed algorithm was used to consider the three experiments that were made for the initial values presented in Table 1 . Since the goal is to obtain the optimal transition and recruitment coefficients between particular classes, their lower and upper boundaries have to be considered; these are shown in Table 2 . Here represents the average value of the promotion parameters, is standard deviation, min and max represent maximum values for particular parameters; similar for wastages f. In Table 3 , the three different goal positions are shown. The differences in these scenarios are the rate of reduction/ increase of people in particular classes. SC2 and SC3 are therefore scenarios with more demanding restructuring regarding the change in particular rank. For the first scenario, the following solution was found, having three time steps. The fourth time step is needed to ensure that the system is stable. In Figure 1 , the recruitment level into the first class is shown. For classes 7 and 8, it is not possible to achieve the goal in one step due to the transition coefficient boundaries so that the algorithm finds the best possible solution in two steps. For the second scenario, the following results were achieved. The recruitment level into the first class change is shown in Figure 6 . For this case, the algorithm requires six steps to achieving the goal. The recruitment level gradually rises but does not achieve the maximum possible level. In Figures 7 and 8 , the change of the number of people in each class is shown. At time step 0, the initial values are shown. For classes 1 and 2, the goal is achieved in one step, while the other classes require more steps. For most classes the goal is not achievable in one step because of the constraints. In this case, the algorithm moves the current values of classes towards the goal and proceeds to the next step. For the third scenario, the following results were achieved. The recruitment level change for the first class is shown in Figure 11 . For this case, the algorithm requires eight steps to achieve the goal. The recruitment level gradually rises but does not achieve the maximal possible level. In Figures 12 and 13 , the change of the number of people in each class is shown. At time step 0, the initial values are shown. For classes 1 and 2, the goal is achieved in one step, while the other classes require more steps. For class 8, the initial value is equal to the desired one, and the algorithm keeps it unchanged. As with the previous scenario, the peaks in transition coefficients may be observed; however, these peaks are allowable as they are not oscillations.
The presented results show that the proposed method allows finding optimal solutions for different scenarios of human resource planning problems. Testing the algorithm on a set of 25 other scenarios with randomly generated parameters has shown similar results, proving the algorithm's efficiency.
Conclusion
The applied mathematical model and developed optimization algorithm provided the solutions to the problem of finding proper transition strategies in the strict hierarchical human resources management system. With the proper strategy, a short time is needed to achieve new numbers in particular classes without oscillations in transition and wastages. The task of providing the proper strategies is demanding, since the problem is dynamic, meaning that each parameter of the model could be changed in time. This generates a large search space, which is challenging for the optimization algorithm. Another challenge is the possibility to provide two equally good strategies with different control vectors. This means that the optimum criterion is not fully defined. Nevertheless, the developed, advanced local stochastic search algorithm provided proper solutions, eliminating the oscillations, achieving the target values in the shortest possible time.
